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Introduction
The positive impact of consuming fruit and vegetables has been
extensively studied. Their capacity to prevent some diseases and
reduce the development of obesity has been well demonstrated
(Pincemail et al., 2007; Van Duyn & Pivonka, 2000). Public health
organizations are focused on ways to increase the consumption of
fruit and vegetables. One of the major action plans developed in
several countries is the ‘‘Five Fruit and Vegetables per day’’
program. In France, this program (Health and Nutrition National
Plan) was launched in 2001. Unfortunately, no signiﬁcant increase
of consumption has been observed since the launching of this
campaign (Amiot-Carlin et al., 2007): 60% of the French population
does not reach the World Health Organization’s (WHO) recom-
mendation of 400 g of fruit and vegetables per day (FAO/WWHO,
2004). Furthermore, children’s low consumption is amajor issue as
childhood food choice is a strong predictor of adult consumption
habits (Nicklaus, Boggio, Chabanet, & Issanchou, 2005; Skinner,
Carruth, Bounds, & Ziegler, 2002). In fact, Nicklaus et al. (2005)
followed the same children from 2-to-3-year-old to 17–22 years
old and measured their food choices. They showed that for
vegetables early (before 4 years) and follow-up variety seeking
scores were highly related.
Finding the means to increase children’s intake of vegetables is
thus crucial and many research programs have already been
carried out. These programs have been aimed at studying
preferences or at assessing or enhancing familiarity with
vegetables.
Preferences are an important predictor of foods’ consumption in
children (Bere & Klepp, 2005; Domel-Baxter & Thompson, 2002;
Nu, MacLeod, & Barthelemy, 1996). Several studies have found that
children show low appreciation of vegetables, which could explain
low consumption (Cooke & Wardle, 2005; Domel et al., 1993).
Behavioural studies and preference studies have, however, not
taken into account children’s cognitive representations of vege-
tables and their link with cognitive development. A recent
qualitative study (Zeinstra, Koelen, Kok, & Graaf, 2007) explored
this question and showed that children’s cognitive development
plays a role in both preferences and perceptions of fruit and
vegetables. Preferences and dislikes expand and increase in
complexity (from single food to more complex dishes) with age,
while cognition develops and becomes more abstract. In order to
achieve the target recommended by theWHO, it could be helpful to
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A B S T R A C T
The present study investigated the visual and lexical knowledge of vegetables in children. The purpose of
this was to identify both liked and disliked familiar vegetables which will be used in a further study. We
explored children’s lexical knowledge with a free listing test and their visual knowledge with a picture’s
sorting test. 145 children between the ages of 8 and 11 years from various living environments of the
Rhoˆne-Alpes Region, France, completed both tests. Overall, 54 vegetables were cited, 16 of which were
cited by more than 9% of the sample. Carrots, tomatoes and lettuce were the most named vegetables and
the best visually recognized by children. Lexical knowledge increased gradually with age. Children from
rural areas named signiﬁcantly more vegetables than those from urban areas. However, visual
recognition of vegetables did not change as a function of age or living environment. This suggests that
visual categorization allows easier accessing to semantic knowledge than verbal questioning. Finally, the
data showed a relation between visual familiarity and liking: the majority of raw vegetables recognized
visually were also classiﬁed as ‘‘liked vegetables’’. In addition, children declared that they did not want to
try most of the unknown vegetables.
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better understand how children represent vegetables and what
they know about them. In fact, one’s choice of food and both
appreciation and consumption is partially determined by famil-
iarity and semantic representations.
To overcome the refusal of a speciﬁc food, children ﬁrst have to
become familiar with the item and familiarity then become a
natural remedy to food neophobia (Aldridge, Dovey, & Halford,
2009). Food neophobia is the reluctance to consume new foods
(Pliner & Hobden, 1992) and is considered as an evolutionary
mechanism aiming to avoid consuming potentially dangerous
foods (Dovey, Staples, Gibson, &Halford, 2008). Neophobia appears
at the age of 2–3, increases until the age of 6–7 and then gradually
decreases. However, large inter-individual differences do exist
(Cashdan, 1994).
Several papers have explored the effects of familiarity and
showed that children prefer to choose foods they know (Aldridge
et al., 2009; Cooke, 2007; Pelchat & Pliner, 1995). Moreover, they
give higher liking rates for familiar foods (Pliner & Loewen, 1999).
Familiarity is the level of experiences a person has had with any
given object or stimulus (Aldridge et al., 2009). This then provides a
semantic knowledge that may be accessed by perceptual and
verbal inputs. Perceptual familiarity of vegetable stems from
previous exposure when children have seen, touched or tasted
them. Verbal familiarity relies on the lexical and semantic
knowledge children have already acquired, for example, when
the vegetable was named by its proper name or categorized as a
vegetable, or associated with different contexts.
Perceptual studies are aimed at enhancing familiarity and
hence, appreciation of new foods by repetitive tasting. These
studies have found that 10–16 exposures were necessary to
improve liking (Birch & Marlin, 1982; Maier, Chabanet, Schaal,
Issanchou, & Leathwood, 2007). Interestingly, visual familiariza-
tion is also effective in toddlers (Houston-Price et al., 2009), simply
looking at pictures could be a less demanding way to increase
willingness to try unfamiliar foods.
In regards to semantic knowledge, children’s representations
for vegetables have been seldom explored. Some studies analysed
whether vegetables are perceived as healthy or not by children
(Edwards & Hartwell, 2002; Gue´rin & Thibaut, 2008; Nguyen,
2007). Nguyen (2007) showed that at the age of 3, children begin to
consider vegetables as healthy. The development of this health
consideration has been highlighted by Zeinstra et al. (2007) in 4–5-
year-old and 7–8-year-old children.
These studies inform us on the representation of the vegetable
category without really exploring what children consider to be a
vegetable. In fact, the term ‘‘vegetable’’ is generic and does not
belong to a scientiﬁc taxonomy, contrary to the term ‘‘fruit’’ which
can be associated to both natural and scientiﬁc categories. It is
therefore challenging to give a clear deﬁnition of the term
vegetable. This is due to difﬁculties in regards to the classiﬁcation
of plants or foods. Products like tomatoes or avocados are fruits for
some and vegetables for others. From a nutritional perspective, the
potato is a starch, whereas it is classiﬁed as a vegetable in certain
statistics. These classiﬁcation matters have been the source of
several administrative conﬂicts. An illustration of this is how
Portugal was allowed to continue selling carrot jam: according to
the European community, jam must be made from fruits, whereas
until 1992, carrots were considered as vegetables. This change
occurred because of Portugal’s desire to export jam (Pelt, 1994).
These examples highlight the difﬁculty in classifying vegetables.
In this study, we are interested in how children categorize
‘‘vegetables’’. Categorization is a basic process extensively studied
in psychology and consists, in the words of Rosch and colleagues
(1976), in ‘‘cutting up of the environment into classiﬁcations by
which nonidentical stimuli can be treated as equivalent’’. In other
words, a category gathers objects considered as equivalent from a
psychological point of view (Dubois, 1991). While growing,
children develop their familiarity with vegetables and that
contributes to the development of their concept of vegetable.
This concept will help them to easily categorize each food theywill
be introduced to as a vegetable or not. Psychological categories are
usually organized according to a typicality gradient around some
examples that are perceived as best representatives of the category
(Rosch et al., 1976). One aim of this study was to identify which
vegetables are considered as central to the category by preadoles-
cent children. These best representatives are usually better
represented in memory (lexical access is quick and they are
named ﬁrst in free listing tests), and named by shorter words. Our
ﬁrst hypothesis was that themost familiar vegetableswould be the
most easily named by children. Particularly that theywould appear
among the ﬁrst named by a given child and the most frequently
named across children, with this relation being inﬂuenced by age.
We decided to focus on children between the ages of 8 and 11
years in order to complete research that is focused on healthiness
(Edwards & Hartwell, 2002; Nguyen, 2007). We were also
interested in analysing the evolution of children’s ‘‘vegetable
category’’ across this age period. We investigated this natural
category using two different accesses: a lexical access with a free
listing test, and visual access with a picture sorting test. Our
objective with the picture sorting test was to evaluate the global
appreciation of vegetables. We also wanted to assess the relation
between visual familiarity of raw vegetables and declared
appreciation. Our second hypothesis was that we would observe
a parallel increase of the lexical and visual knowledge as children
grow up. Because of a higher exposure, we expected that children
with a vegetable garden at home would know vegetables better
than those without. In accordance to previous research (Monnery-
Patris, Rouby, Nicklaus, & Issanchou, 2009), showing better
verbalization of odors in girls, we also expected higher verbal
performance in the female group.
A second aim of this study was to select three vegetables as
relevant models for future studies linking familiarity and
preferences: one well known and widely appreciated vegetable,




Half-day playful food workshops were organized in schools and
leisure centres in order to keep children concentrated along the
entire experiment (2h30 with 20 min break). Children were told
previously that they were going to participate in a workshop
dedicated to food but were given no indication as to the precise
subject were given. All the tests were integrated into the children’s
learning program, parentswere informed about the study and each
child got a gift for his/her participation. The study was conducted
by two researchers over six mornings (six classrooms, m = 24.3
children per session) assisted by the teachers or the leisure centre
staff.
Children were ﬁrst asked to ﬁll out a survey with questions
about: age, gender, vegetable garden ownership, and living
environment. The experimenter then gave the children the
instructions for the study (e.g. ‘‘Please do not communicate with
your friends about tests’’). Each child performed both experiments
individually with the experimenter.
Participants
Classes of participants were chosen from schools and vacation
centres in two cities (Lyon and Saint Etienne) and two villages
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(Saint Trivier de Courtes and Courtes) from the Rhoˆne-Alpes
Region, France (see Table 1). Overall, 51.7% of the sample came
from the urban centres and 48.3% from the rural centres. 145
children (69 females, 76 males) participated in this study, ages
ranged from 8 to 11 (average age: 9.08  1.08).
Test 1 – free listing: lexical access to the category of vegetables
The purpose of this test was to explore what children consider
to be a vegetable and to quantify how many vegetables they can
name. This lexical access to the vegetable category aims to gain a
better understanding of children’s familiarity with vegetable and
evaluates which vegetables are more typical of the category.
The methodology we used to reach this goal was a free listing
test. This is a simple and widely used methodology but rather new
in sensory evaluation and food behaviour. Recently, Hough and
Ferraris (2009) used it to explore the cultural domain of fruits with
adolescents aged between 15 and 18 years. They concluded that
free listing can be considered as a simple yet effective tool to gain
insight into a food category. This has also been used by Dubois and
Poitou (2002) to describe the category ‘‘vegetables’’ for adoles-
cents.
Procedure
The instruction given to the child was: ‘‘Could you please give
me some examples of vegetables?’’. We asked them to answer
orally to alleviate the writing barrier for the younger ones. No
additional questions were asked to the children. The experimenter
wrote down the answers exactly as they were given by the child.
The test ended once the child had no more answers to give.
Data analysis
The focuswas onmean frequency ofmentioning each vegetable
as a measure of familiarity and on the mean order of their ranking
in the list as a measure of typicality. First, we calculated x2 to
comparemean numbers of vegetables named by each group:male/
female; ages 8/9/10/11; urban/rural; having a vegetable garden at
home or not. Then, we investigated the relationship between
frequency and the order of citation with linear regression analyses
for each vegetable. We made an arbitrary decision to conduct the
regression analysis on vegetables named by at least 9% of the panel.
All of the analysis was conducted using Xl-Stat1 software.
Test 2 – picture sorting: visual access to the category of vegetables
The methodology used here aims at ﬁnding out (1) which
product children are able to recognize and consider as a vegetable
or not and (2) whether they appreciate it or not.
Children received 28 pictures (5.5 cm width, 7.5 cm length) of
selected raw foods to obtain a wide range of product in terms of
sensory characteristics and botanical variety (see Table 2). Despite
thewide range of vegetableswe selected only a few for the study as
it seemed to be a good compromise considering the capacity of
children to stay concentrated a long time. The product samples
selected are common on the French market and represent a large
diversity of products in terms of botanical variety (roots,
leguminous plants, . . .). We decided to use photographs of
vegetables instead of real products as they have been successfully
used in previous research (Edwards & Hartwell, 2002).
The instruction given to the child was to sort these pictures
according to three criteria: membership of the vegetable
category, vegetable’s recognition and appreciation. Considering
the complexity for children to categorize these pictures with
several cross criteria, the picture sorting task has been divided in
three steps to simplify it. First of all, children received the
pictures and are asked to make three piles: ‘‘I give you these
pictures of food. Could you please sort them in three piles: the ﬁrst
one is for vegetables you know, the second one for vegetables you do
not know. And ﬁnally, if it is not a vegetable, please put the picture in
that box’’. Then children were asked to pick up again the pictures
of vegetables they knew and separate the ones they like from the
ones they do not into two boxes. The instruction was: ‘‘Now,
please pick up the pile of pictures of vegetables you know and
separate those you like and those you do not into these two boxes’’.
Finally, children have to separate pictures of vegetables they do
not know from those they would like to try and the ones they
would not: ‘‘Please pick up again the pile of pictures of vegetables
you do not know and separate those youwant to try and those you do
not want to try into these two boxes’’.
To summarise, pictures were sorted into ﬁve labeled boxes: (1)
It is not a vegetable; (2) I know this vegetable, and I like it; (3) I
know this vegetable but I do not like it; (4) I do not know this
vegetable but I want to try it; (5) I do not know this vegetable and I
do not want to try it.
Data analysis
Data was collected in a matrix and analysed with a Cluster
Analysis to determine the existence of subgroups in children. Each
line of thematrix represented one subject and the columns ﬁve pile
for each product. Then, individual data was compiled in a single
matrix with the 28 products in line and 5 possibilities in column
and analysed with a correspondence analysis (CA) to see how
children classify vegetables.
Results
Test 1 – free listing: lexical access to the category of vegetables
Children named 54 different examples of vegetables with an
average of ﬁve vegetables per individual (SD = 2.8). Ten children
among the sample population did not name any vegetable. The
maximum number listed was 14 different vegetables. Figure 1
shows the mean number of vegetable types named for each group.
Differences are explained by age and home location. There is a
gradual increase in number of vegetables cited between the ages of
8 and 11 (age 8: m = 4.18  2.34; age 9: m = 4.93  2.9; age 10:
m = 5.64  2.72 and age 11: m = 6.87  2.96) with a signiﬁcant
difference between the two extreme age groups only (x2 = 63.99;
p < 0.001). Moreover, children from the rural areas named signiﬁ-
cantly more vegetables than urban children, on average 6.9 and 4.2,
Table 1
Participant’s characteristics.
Environment Gender 8 years 9 years 10 years 11 years Total Total
Rural , 12 14 7 8 41 75
< 4 4 11 15 34
Urban , 18 9 1 0 28 70
< 22 17 3 0 42
Total 56 44 22 23 145
Table 2
Food pictures used for the Picture’s sorting test.
Artichokes Celeriac Green pepper Red cabbage
Asparagus Celery Lentils Spinach
Avocado Chicory Lettuce Sweet corn
Beetroots Cucumber Leek Turnips
Broccoli Eggplant Mushroom Tomatoes
Carrots French bean Onion Yellow pepper
Cauliﬂower Garden peas Radish Zucchini
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respectively (x2 = 54.56; p < 0.001). No difference was observed
relative to vegetable garden ownership (x2 = 6.396; p = 0.931) or to
gender (x2 = 9.328; p = 0.748).
Carrots, tomatoes and lettuce were the most named examples.
Carrotsmost frequently ranked ﬁrst (34.33% of the cases) or second
(21.64%), before tomatoes (14%). Among the vegetables named by
children, only 16 were named by more than 9% of the children
(from the most frequently named to the least: carrots, tomatoes,
lettuce, French bean, potatoes, zucchini, leeks, garden peas,
cauliﬂower, radish, aubergine, cabbage, sweet pepper, cucumber,
onion, and spinach). Figure 2 shows the linear regression analysis
between the mean occurrence of citation and the mean order for
products named by more than 9% of the children’s panel. This
ﬁgure shows a good relation between mean of citation and mean
order (R2 = 0.622, F = 23.035, p < 0.001), in other words: the more
frequently the vegetables were named, the earlier they were listed
by children.
Among the less named examples of vegetables we noticed some
fruits (strawberry, named by 0.7% of the children; pear, 1.4%;
bananas, 2.1%; apple, 2.8%; lemon, 2.8%), and some herbs, spices
and condiments (ginger, 0.7%; shallot, 0.7%; basil, 0.7%; parsley,
2.8%; garlic, 3.45%; chilli, 4.1%). Herbs and condimentswere quoted
whatever the age, whereas fruits were quoted by the younger
children only. Mushroom was also named by three 8 year old
children and wheat by one child aged 10.
Test 2 – picture sorting: visual access to the category of vegetables
The Cluster Analysis did not reveal any relevant subgroup,
meaning that children are homogenous in their classiﬁcation.
Figure 3 shows the distribution of picture’s sorting by the children.
Globally, they sorted 68.1% of the raw food’ pictures as ‘‘Known
vegetables’’, 23.4% as ‘‘Unknown vegetables’’, and 8.5% as ‘‘Not a
vegetable’’.
Among the known vegetables, 67.6% are appreciated by
children and 32.4% are not. Children want to try only 37.9% of
unknown vegetables and 62.4% are rejected.
Figure 4 shows the correspondence analysis made on the global
matrix which explains 84.9% of the variance. Axis 1 explains the
major part of the variance (F1 = 61.44%) and opposes known
products VS unknown products and non vegetables. The second
axis accounts for 23.45% of the variance and opposes liked VS
unliked vegetables and in a lesser extent unknown vegetables that
children want to try to the ones they do not want to try.
Children recognized a large amount of the products presented
and only a few of themwere not considered as vegetables. Celeriac,
lentils and beetroots are not considered as vegetables by a sizeable
part of the sample (respectively 33.8%, 29%, and 28.3%). The three
familiar vegetables best appreciated by children are lettuce (86.9%
knew and liked it), carrot (84.1%) and tomatoes (80.7%). Eight other
vegetables are known and liked by more than half of the children
sample: French beans (75.2%), radish (72.4%), garden peas (71%),
sweet corn (71%), zucchini (64.8%), cauliﬂower (62.8%), broccoli
(54.5%), and cucumber (52.4%). Onion, red pepper and eggplant are
the most disliked vegetables by respectively 46.9%, 44.1% and
Fig. 1. Number of individual vegetables named (free listing task). Error bars reﬂect standard deviations. NS = non signiﬁcant. *** = signiﬁcant 1%.
Fig. 2. Linear regression analysis between mean order and frequency of occurrence
(R2 = 0.622; F = 23.035; p < 0.001). Fig. 3. Distribution of food photographs sorting into the 5 possible piles.
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44.1% of the sample. Three products are unknown vegetables for
more than half of the children sample: turnips (62.76%), celery
(56.55%), and red cabbage (53.79%).
Discussion
The purpose of the present paper was to explore the vegetable
category in children, ﬁrst using a lexical test (free listing), and then
a visual test (picture’s sorting).
Lexical access to the semantic category of vegetables
Results of the free listing test highlighted a large diversity of
vegetables (54 examples) named by children. In comparison,
Dubois and Poitou (2002) listed 60 different vegetables named by
75 students from the University of Lille, which does not seem to be
very different. In addition, children cited an average of ﬁve
vegetables; as far as we know there is no data on this type of food
and this age period to be compared with this result. As expected,
older children named a more diverse selection of vegetables than
younger ones. In linewith our hypothesis, children from rural areas
named more vegetables than those from urban environments;
having a garden, however, did not inﬂuence the number of
quotations. We can therefore ask which factors explain the
difference in verbal knowledge of vegetables between rural and
urban populations. They could differ in food purchasing (type of
stores, types of foods), or use of vegetables in the preparation of
meals (frequency and variety of vegetables used at home). Besides
food habits another explanation to be investigated is that rural
children could have a better semantic knowledge of plants in
general, not only vegetables. Contrary to our expectation, no
gender difference in lexical knowledge has been observed. The
superiority of girls in odor naming is not observed for vegetable
naming, suggesting that lexical access to vegetable names is not
difﬁcult enough to reveal such a difference.
We observed a good relation between frequency and mean
order of production for the 16 mostly named vegetables. This
relation suggests that each vegetable had a different semantic
weight in the memory system (Picard, Dacremont, Valentin, &
Giboreau, 2003). Thus preadolescent children own a semantic
repertory for vegetables, with more and less typical examples. In
the words of Picard et al. (2003), ‘‘[vegetables] produced at high
frequency and low production order can be called ‘‘generic
vegetables’’ (they are highly accessible in the memory and have
a strong semantic weight). By contrast, [vegetables] with low
frequency and high production order can be called ‘‘peripheral
vegetables’’ (they are less directly accessible in the memory and
have lower semantic weights).’’
It is worth noting that potato is frequently given as an example
of a vegetable (cited by 32.4% of the children). Thus for them, the
vegetable category may include starchy foods. This is important to
know when we are communicating to encourage vegetable
consumption: children with little nutritional knowledge would
not correctly understand the message and this could be veriﬁed
truer for the youngest children. In addition we noticed a few
citations of fruits (e.g. lemon, banana, apple) named by youngest
children. It would also be interesting to study a larger panel
covering a wider range of ages, especially younger populations to
determine at which age the conceptual distinction between fruits
and vegetables appears. Herbs and spices also are included in the
vegetable category by some children, which is also important to
know for communication with this age class.
Visual access to the semantic category of vegetables
Results of the picture sorting test highlighted that questioned
children recognize a large part of the raw products presented on
pictures (67.74% recognized) meaning that they were exposed
previously to these products. Only two products (celeriac and
beetroots) were frequently not considered as vegetables by
children. We can suppose that contrary to most of the other
products (e.g. carrots, sweet corn) the raw aspect of these
vegetables is very different from their prepared aspect and makes
them visually less identiﬁable by children. Furthermore, sponta-
neous comments of children lead us to believe that they do not
consider these products as safe. It could be interesting to explore
which perceptual clues would inﬂuence children to form this
conclusion. This raises the question of the semantic organization of
the vegetable category: children of this age class display some
knowledge about healthiness and safety of foods. The impact of
visual cues on food rejection was underlined by Fallon, Rozin, and
Pliner (1984) in relationwith disgust. Children under 5 years reject
some foods according to their bad taste. Later on, they evoke
danger, and from 7 to 8 years, visual cues become potent cues of
disgust (Fallon et al., 1984). Taking this developmental trend into
account should orient further policies towards enhancement of
visual knowledge of vegetables. This could in turn improve the
acceptability of vegetables. Interestingly, we observed here a
Fig. 4. Sorting test of raw food’s pictures, correspondence analysis (axes F1 & F2 = 84.89%).
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relation between familiarity and liking. In fact we noticed that the
majority of known vegetables are classiﬁed as ‘‘liked vegetables’’,
with the majority of unknown vegetables being sorted into the ‘‘I
do notwant to try it’’ box. This result is in accordancewith previous
research showing that the more familiar the child is with a speciﬁc
food the more he/she will like it (Cooke, 2007; Pliner & Loewen,
1999). In regards to the known disliked vegetables, several sensory
characteristics could potentially explain their rejection. Onion is
acidic and spicy, red sweet pepper is also strongly acidic and egg
plant has a spongy and streaked texture. These sensory character-
istics were described as the source of rejection in children (De
Moura, 2007; Zeinstra et al., 2007). One could also argue that on the
contrary, the sweetness of some vegetables (e.g. carrots, sweet
corn) enhances their appreciation by children.
This methodology informs us on children’s knowledge of
vegetables and their global appreciation of the product. However,
it does not allow us to explain why children like a speciﬁc
vegetable or not and which criteria participate to their liking or
willingness to try. In the case of known vegetables, children are
expected to be familiar with the taste of that food, and to base their
judgment on previous sensory experience. In the case of unknown
products, they have to imagine the taste from their visual
appearance on the picture. Our study provides evidence towards
which vegetables are less known. In order to inﬂuence acceptabil-
ity, efforts could be done to enhance familiarity of these vegetables.
In further studies it would be relevant to associate the sorting task
with a verbalization task to reveal which perceptual and semantic
cues prevent their appreciation.
Relation between lexical and visual knowledge
Results across the two tests showed that carrots, tomatoes and
lettuce are the best representative of the vegetables category for
children. These vegetables are named by amajority of children and
are recognized visually. They are also largely appreciated. Edwards
andHartwell (2002) also noticed a good recognition for carrots and
tomatoes in British children from 8 to 11 years of age.
We observed an increase in lexical knowledge in 8–11 years
but contrary to our hypothesis, no visual knowledge difference
appears in regard to age. This result supports the idea that age is
not a main factor of visual knowledge modulation contrary to
lexical knowledge. More speciﬁcally that the category is acquired
by perceptual knowledge before the acquisition of names and
possibly before the building of an abstract category of vegetable.
The free listing task indeed supposes that the child has some
verbal representation of the category which prompts lexical
access. The visual task on the other hand does not require such
verbal knowledge, because examples of vegetables are presented
and it is not necessary to recall them from memory. Thus this
easier task revealed that children rely on an implicit, nonverbal
knowledge about vegetables before being able to name them
accurately.
In conclusion, this study evidenced the most and the least
familiar vegetables for preadolescents and showed that they tend
to include some non vegetables in the category. Visual knowledge
of vegetables does not seem to change signiﬁcantly with age,
whereas verbal knowledge does. This conﬁrms that besides tasting
and explicit learning, visual information could be a privileged route
to enhance familiarity and as a consequence, willingness to taste
less familiar vegetables.
Further research could also examine the stability of the concept
of vegetable from raw vegetables to transformed food. For
example, is the tomato still a vegetable when it is integrated into
simple or complex dishes (e.g. salad, lasagne), and in familiar or
novel recipes?
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    Appréciation visuelle Appréciation en bouche 




p-value Test post-hoc 
Age Paire 1 0.001 9 et 11ans < 8 et 10ans ns - 
  Paire 2 <0.0001 9, 10 et 11ans < 8ans 0.011 10 et 11 ans (A)< 8 ans (AB)< 9ans (B) 
  Paire 3 ns - 0.027 11ans (B) < 9 et 10 ans (AB)< 8 ans (B) 
  Paire 4 0.028 8ans (A)< 9 et 10ans (AB)< 11ans (B) ns - 
  Paire 5 <0.0001 9 et 11ans < 8 et 10ans 0.002 8ans (A)< 10ans (AB)< 9 et 11ans (B) 
  Paire 6  ns - ns - 
Genre Paire 1 ns - ns - 
  Paire 2 0.041 Garçons < Filles ns - 
  Paire 3 ns - ns - 
  Paire 4 ns - ns - 
  Paire 5 0.004 Garçons < Filles ns - 
  Paire 6 ns - 0.016 Garçons < Filles 
    
1
Analyse de variance (y=produit + sujet + age (sujet) + genre (sujet) + erreur) 
    
2
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    Préférence visuelle   Préférence en bouche 
Age Paire 1 -   -   
  Paire 2 -   -   
  Paire 3 -   -   
  Paire 4 -   9 et 10ans: ns; 8ans: p= 0.038; 11ans: p= 0.032 
  Paire 5 9 et 10ans: ns; 8ans: p= 0.031; 11ans: p= 0.033 8 et 10ans: ns; 9ans: p= 0.002; 11ans: p= 0.005 
  Paire 6 -   -   
Genre Paire 1 -   -   
  Paire 2 Garçons : ns; Filles : p= 0.004   -   
  Paire 3 -   -   
  Paire 4 -   -   
  Paire 5 Garçons : ns; Filles : p< 0.0001   -   
  Paire 6 -   -   
?
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      Consommation 




Age Pair 1   ns - 
  Pair 2   <0.0001 9ans (A)< 11ans (B)< 8ans (BC)< 10ans (C) 
  Pair 3   0.000 8ans (A)< 11ans (AB)< 9 et 10 ans (B) 
  Pair 4   ns - 
  Pair 5   ns - 
  Pair 6    <0.0001 8, 9 et 10ans (A)< 11ans (B) 
Genre Pair 1   ns - 
  Pair 2   <0.0001 Garçons < Filles 
  Pair 3   ns - 
  Pair 4   0.026 Garçons < Filles 
  Pair 5   ns - 
  Pair 6   0.000 Garçons < Filles 
1





?????????????? ???????????????????????????????????? ????????????????????????????? ??????????????????
?????? ??????????????????????????????? ?????? ??? ????????? ??? ????????? ?????????????????????? ?????????
















Effects of shape and time of cooking of carrots on preference and 
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Abstract 
The present study evaluated the effect of shape and time of cooking on children’s acceptance of 
carrots. Participants were preadolescent children aged 8 –to -11 years from the Rhône-Alpes region, 
France. Two durations of cooking and two shapes (one familiar, slice, and one unfamiliar, stick) of 
carrots have been tasted by pair during regular lunch in schools canteens. Children’s liking and 
preference were measured with a questionnaire before and after tasting the samples; and consumption 
was recorded. 
The results showed that children gave higher liking and preference scores for carrots cooked shorter 
and for the familiar shape. Consumption data corroborated these findings. Age and gender did not 
influence children’s preference, however consumption increased with age. Furthermore, it seems that 
familiarity with the carrots shape has more impact than time of cooking in the hedonic evaluation and 
the consumption of carrots. Future research should better control children’s familiarity with vegetables 
in order to deeply explore the respective contribution of both sensory and familiarity factors. 
A preliminary report of these findings was presented at the International Conference of Culinary Arts 
Science, Bournemouth, England, 12-14 April, 2011. 





Vegetables are one of the most difficult categories of food to introduce in children’s diet 
(Cooke & Wardle, 2005; Fischler & Chiva, 1985). Also, their consumption is particularly low 
in children (Amiot-Carlin et al., 2007) as well as their choice of vegetable in catering setting 
(Nicklaus & al., 2005) and this is a major source of public health concern. Previous research 
has shown that a diversity of factors affect vegetables’ acceptance in children related to the 
product, to the subject or to the meal situation (Blanchette & Bruge, 2005). However, it is 
acknowledged that two closely linked factors are crucial in vegetables’ choice and 
consumption: sensory preferences (Bere & Klepp, 2005; Birch, 1979; Domel Baxter & 
Thompson, 2002; Drewnowski, 1997; Nu, MacLeod, & Barthelemy, 1996) and familiarity 
(Aldridge, Dovey, & Halford, 2009; Cooke, 2007; Salvy, Vartanian, Coelho, Jarrin, & Pliner, 
2008). 
On the one hand, several studies have found that humans are born with an aversion for 
bitterness (Steiner, 1979). Steiner et al. (2001) supported that this aversion is one of the 
major sources of vegetables rejection in children. Also, cruciferous acceptance decline with 
increasing bitterness intensity (Drewnowski & Gomez-Carneroz, 2000). On the other hand, 
children have an innate preference for sweet taste (for a review see Nicklaus & Schwartz, 
2008). This could provide an explanation for the acceptance of some sweet vegetables such 
as carrots and sweet corn (Morizet, Depezay, Masse, Combris, & Giboreau, 2011). 
Also, there are some variations of how children perceive and react to sensory stimuli. The 
sensory sensitivity variations have been found to be associated with the acceptance of 
vegetables (Coulthard & Blissett, 2009). For example, children who reject the most 
cruciferous and brassica vegetables such as broccoli are also the ones who give lower liking 
ratings for these products (Keller, Steinmann, Nurse, & Tepper, 2002). This sensory 
sensitivity is not restricted to the case of taste, human’s responses to other sensory 
modalities such as odors (Engel, Martin, & Issanchou, 2006) or texture (Szczesniak, 1972) 
could also be influenced by the level of sensitivity. 
Texture is an important sensory dimension in children’s food preferences (Baxter, Schroder, 
& Bower, 1999; Szczesniak, 1972). The concept of texture is multidimensional and refers to 
several parameters, and Szczesniak (2002) defines it as “the sensory and functional 
manifestation of the structural, mechanical and surface properties of foods detected through 
the senses of vision, hearing, touch and kinesthetics”. Furthermore, texture acceptance is 
linked with the specific food type and affected by several factors that can be cultural, 




conducted in-depth interviews with mothers and noticed that raw vegetables are preferred to 
cooked ones. She found that usually, children do not like to mix different textures; they prefer 
to finish one type of food before starting on another one. Also, children seem to prefer 
crunchy vegetables, hard textures and reject soft, mushy textures. This last result was 
confirmed by Baxter et al. (1998) with children from 8-to-10-years old but they found opposite 
results in a second study with slightly different vegetables (Baxter et al., 1999). However, all 
of these studies did not use experimental design and vegetables tasting.  
It has been found that the preparation and cooking of vegetables is critical in influencing 
children’s willingness to eat them (Baxter et al., 1998). As far as we are aware, only two 
recent studies investigated the effect of preparation methods on vegetables acceptance in 
preadolescent children with actual tasting in a laboratory setting. 
The first study was conducted by Zeinstra et al. (2010) in the Netherlands. They aimed to 
investigate how six preparation methods (mashed, steamed, boiled, stir-fried, grilled and 
deep-fried) influence children and young adults’ liking for carrots and French beans. Results 
indicate that participants preferred boiled and steamed vegetables. These preferences were 
positively correlated to a uniform surface, a typical vegetable taste and moderately related to 
crunchiness. Also, brown coloring appearance and granular texture of the vegetables were 
associated to a decrease in liking. This result is in line with previous results showing that 
children prefer brightly colored vegetables to dark green vegetables (Baxter, Schröder & 
Bower, 2000). Age effect had no clear impact in the study of Zeinstra et al. (2010). The 
second study on the effect of preparation method was carried out by Poelman & Delahunty 
(2011) in Australia. How the acceptance for sweet potato, cauliflower and beans of children 
from 5-to-6-year-old is influenced by preparation method and typicality of color was 
investigated. Results showed that children preferred boiled vegetables over baked and stir 
fried ones; and that boiling times modified vegetables texture and flavor characteristics but 
these differences as well as small differences in sweetness and bitterness did not affect 
acceptance. Moreover, odor intensity and browned flavor were a barrier to consumption. 
Familiarity, variety in the number of liked vegetables, and reported liking of target vegetables 
was associated with higher acceptance. Children who liked fewer vegetables were more 
sensitive to the preparation method in comparison to children who liked many vegetables. 
Results of both studies showed the importance of vegetable preparation method for 
children’s acceptance of vegetables; however both of them were conducted in a laboratory 
setting and not in a natural eating situation. As several studies have found that the context of 
the meal influences human food choice, liking and consumption (Boutrolle, Delarue, Arranz, 
Rogeaux, & Köster, 2007; Edwards, Meiselman, Edwards, & Lesher, 2003; Meiselman, 




The studies discussed so far have pointed out that the appearance also influenced food 
preference. The appearance of the product informs children about vegetable sensory 
characteristics based on previously learned associations. Thus, it leads to children’s 
expectations about the product and is crucial in their willingness to try it (Baxter et al., 1998; 
Szczesniak, 1972). Unfamiliar food appearance could induce the apparition of food 
neophobia. Food neophobia, a broadly described phenomenon, is literally the reluctance to 
consume new food (Pliner & Hobden, 1992). This phenomenon is considered as an 
evolutionary mechanism aiming to avoid consuming potentially dangerous foods (Dovey, 
Staples, Gibson, & Halford, 2008). It appears around the age of 2-3 -years and increases 
until 6-7 -years; nonetheless there are large differences depending on the individuals 
(Cashdan, 1994). In order to overcome the refusal of a specific food, children have to 
become familiar with this item (Aldridge et al., 2009). Ratings given to unfamiliar food are 
always inferior to those given to familiar food (Loewen & Pliner, 1999), and the more familiar 
the food the more it is accepted (Cooke, 2007). 
Familiarity is the level of experiences a person has had with any given object or stimulus 
(Aldridge et al., 2009). Experiences can be expressed through various cognitive and 
perceptive forms. Morizet et al. (2011) investigated children’s lexical and visual knowledge 
about vegetables. They found that carrots, salad and tomatoes were the most named 
vegetables and the most visually recognized. They also noticed a relation between visual 
familiarity and liking: the majority of raw vegetables recognized visually were also identified 
as “liked vegetables” whereas children declared that they did not want to try most of the 
unknown vegetables. 
The purpose of the present study was to evaluate the role of shape and time of cooking on 8-
to-11-year-old children’s liking, preference and consumption of carrots. As far as we know, 
no experiment has been conducted on this topic with actual product tasting in an actual meal 
situation. We wanted to evaluate the role of shape and time of cooking on visual liking and 
preference and then, after tasting the product, on overall liking in order to better understand 
the link between visual and overall responses. We measured both liking and preference 
because children could have a preference for one product over another one without liking 
neither of them (see Birch (1991) for a discussion on the concept of preference). We first 
organized a pilot study in order to select two different durations of cooking and two different 
shapes. We tested four different levels of shape and four levels of time of cooking. These 
preliminary results indicated that children were not able to perceive small differences. That is 
why we selected two clearly different times of cooking and two distinctive shapes. The 





We selected one usual serving shape (slices) of carrots and one more unusual shape 
(sticks). We predicted that children would prefer the less cooked vegetables samples and the 
more familiar shape of carrots. No prior assumption was made about the potential effect of 
age and gender. 
2. Methods 
2.1. General Setup 
This experiment was organised in spring 2010 in six school canteens from the Rhône Alpes 
regions, France. Schools were localised in two cities (Lyon, Valence) and four outskirts 
villages (Civrieux d’Azergues, Collonges en Mont d’Or, Dagnieu, Neuville sur Saône). Tests 
were carried out in real meal situation during the daily one-hour lunch break. Tested products 
were integrated in the regular lunch made up of a starter, a main course, a dairy product and 
a dessert. 
Parents were informed about the study by the head of each school and were invited to give 
their written consent. None of the parents refused that his/her kid took part in the study. 
Two experimenters conducted this study in the school canteens. They went to each school 
canteen before the experiment in order to explain to the team its aim and its procedure. 
Teams’ support and commitment were crucial to reproduce identically the procedure in each 
of the six different schools canteen. 
2.2. Participants 
Overall, 597 participants took part in the study (see table 1). Participants were children aged 
8 –to -11- years. The children sample was homogeneously distributed according to gender 





Table 1. Participant’s characteristics 
8yr 9yr 10yr 11yr Total 
School 1 Female 16 10 16 8 50 
Male 11 14 11 5 41 
91 
School 2 Girls 16 21 27 18 82 
Boys 23 21 30 10 84 
166 
School 3 Girls 11 5 11 6 33 
Boys 10 4 13 6 33 
66 
School 4 Girls 8 9 12 9 38 
Boys 15 12 16 9 52 
90 
School 5 Girls 9 20 17 6 52 
Boys 15 8 13 9 45 
97 
School 6 Girls 12 4 15 9 40 




Products were pre-cooked frozen slices and sticks of carrots (Carotte Minute®, Bonduelle). 
Slice is a familiar shape for carrots as it is the most common shape available in school 
canteens and on the market. Sticks of carrots are more unfamiliar and represent marginal 
sales. 
Products were delivered one week before the experiments and stored in freezer (< -18°C). 
Carrots were prepared and cooked along the same line as usually in these school canteens. 
They were first salted (0.002g/kg) and then steamed (100°C) with 0.01g/kg of fat 
(margarine). Cooking was conducted one hour (±15min) before the beginning of the lunch 
and carrots were then maintained warm over a water bath (approximately 70°C). Each type 
of carrots (slices and sticks) were either cooked 2min or 15min in order to obtain two very 
distinct levels of hardness: crunchy and soft. Hardness of each sample of crunchy and soft 
slices and sticks was evaluated with a penetrometer (TA-XT2i Texturer analyser). Results 
were analyzed with t-test and showed a significant difference between soft and crunchy 
samples (slices: p = 0.023; sticks: p < 0.001), but none comparing soft slices and sticks (p = 
0.337) nor crunchy slices and sticks (p = 0.149). Thus, two factors (time of cooking and 





Table 2. Mean firmness of carrot sample 




Slices 2min 192,12 23,53 
Slices 15min 162,50 17,78 
Sticks 2min 213,21 20,97 
Sticks 15min 155,62 20,57 
Products were presented in pairs to children with meat as a main course. One of the six 
possible pairs was served in each school canteen (see Table 3). 
Table 3. Presentation plan 
School canteen Pair Carrot sample 
School canteen 1 Pair 1 
Crunchy slices 
Soft slices 
School canteen 2 Pair 2 
Crunchy slices 
Soft sticks 
School canteen 3 Pair 3 
Soft slices 
Crunchy sticks 
School canteen 4 Pair 4 
Crunchy sticks 
Soft sticks 
School canteen 5 Pair 5 
Crunchy slices 
Crunchy sticks 




On arrival in the entrance of the canteen, children were informed about the experiment by a 
poster. This poster was announcing “Today, I score my vegetables!” with a drawing of the 
main course they were going to receive. Then, when they were waiting to collect their food, 
an experimenter gave them a questionnaire. The experimenter explained to them that they 
were going to participate in a vegetable testing and that they should fill out the questionnaire. 
He also placed a small numbered piece of a paper on each tray and explained them that they 
were supposed to report this number on their questionnaire. He also mentioned that they 
should always leave this number on the tray until the end of the test. 
A usual, a Chef cook was in charge of distributing the main course to children. Before the 
beginning of the service a model of the plate was prepared with 65g of each carrots 
preparation. The Chef cook was asked to refer to the model plate to serve, a quantity in each 
plate as similar as possible to the model. In order to control the order effect, we also asked 
him/her to change the order of the products’ presentation for each plate. To differentiate each 




After having collected their food, children went to eat as usually. The second researcher 
helped them to fill out their questionnaire if necessary. Children were first asked to evaluate 
their liking of the appearance of both samples of carrot on a 3-point liking scale with cartoon 
faces (dislike, neutral and like), then their preference. After this, they were invited to taste 
each sample of carrots and to evaluate their liking and their preference. Finally, children 
should write their first name, their gender, their age, their classroom and the number which 
has been placed on their tray. Children were encouraged at least to try both samples and to 
answer their questionnaire but they were not forced to do it. At the end of the lunch, children 
were asked to leave the plastic forks in the potential leftover of vegetables. Before cleaning 
their tray, they were invited to pass them under a small video camera. This video recording 
provided us with the possibility to measure individual consumption since each tray was 
numbered. Because of a video recording problem we were not able to collect consumption 
data for pair 3. 
2.5. Data analysis 
Analysis of variance were performed to establish significant differences in liking (visual and 
in-mouth) between products and also potential gender and age effects for each of the six 
pairs tested (y = product + subject + age (subject) + gender (subject) + error). 
Then each preference test data was analyzed with a binomial distribution test in order to 
evaluate if one of the two products tested was significantly preferred. Potential gender and 
age effects were analyzed by performing binomial tests on sub-groups data and comparing 
results (girls, boys; 8-to-9-year-old, 10-to-11-year-old). Children consumptions were 
evaluated with a 4-point coding: 1 if nothing was eaten, 2 if a third of the portion was eaten, 3 
if two thirds of the portion was eaten and 4 if the entire portion was eaten. Then, 
consumption data was analyzed with the same model of analysis of variance used for liking 
ratings. Analyses were carried out using Xl-Stat (2011.02.05). The significance criteria was 
set at p < 0.05. 
3. Results 
3.1. Liking scores 
The histograms in Figure 1 show for both shapes that visual and in-mouth liking ratings were 
higher when carrots were crunchy. However, differences were only significant for slices (pair 
1, visual liking: F = 11.41, p < 0.001; in-mouth liking: F = 17.86, p < 0.001) and when crunchy 




Whether they were crunchy or soft, carrot slices always received higher liking rates than 
carrot sticks. As underlined above, the mean liking differences were only significant visually, 
when the crunchy slices were presented with the soft sticks (pair 2). We also observed a 
tendency to prefer slices in the case of pair 5 (visual liking: F = 2.77, p = 0.09; in-mouth 









































































































Figure 1: Mean liking (± 95%CI) scores. Liking scale:1 = bad; 2 = neither bad or good; 3 = good. 
** = p<0.01; *** = p<0.001. 
Table 4 shows that age and gender effects on liking were only significant in few cases. Visual 
liking is modulated by age in the case of pair 3 (F = 5.39; p = 0.002) and pair 4 (F = 4.593; p
= 0.005). Post-hoc testing did not show constant results: for pair 3, 8-to-10-year-olds gave 




liking ratings than 8 and 11year old gave lower liking rates. Gender has an effect on visual 
acceptance in the case of pair 2 (F = 6.090; p = 0.015) and pair 4 (F = 6.428; p = 0.013). In 
the first case, girls gave lower liking rates as boys, an opposite result is observed in the 
second case. 
In-mouth liking rates were related to age in two cases (pair 1: F = 2.975, p = 0.036; pair 3: F 
= 4.223, p = 0.009) and to gender (pair 6: F = 5.109, p = 0.026). 
Table 4. Effect of age and gender on liking ratings for carrot samples 
    Visual liking In-mouth liking 
    p-value1 Newman-Keuls test (p< 0.05) p-value Newman-Keuls test (p< 0.05) 
Age Pair 1 ns - 0.036 10yr (a) < 8yr - 9yr (ab) < 11yr (b)
  Pair 2 ns - ns - 
  Pair 3 0.002 8yr-9yr-10yr (A) < 11yr (B) 0.009 8yr-9yr-10yr (A) < 11yr (B) 
  Pair 4 0.005 9yr-11yr (A) < 8yr-10yr (B) ns - 
  Pair 5 ns -   ns - 
  Pair 6 ns -   ns - 
Gender Pair 1 ns -   ns - 
  Pair 2 0.015 Girls < Boys   ns - 
  Pair 3 ns -   ns - 
  Pair 4 0.013 Boys < Girls   ns - 
  Pair 5 ns -   ns - 
  Pair 6 ns -   0.026 Girls < Boys 
1Analysis of variance (y = product + subject + age (subject) + genre (subject) + error)
3.2. Preference scores 
The data for visual preference (see Table 5) shows that crunchy carrots were preferred to the 
soft ones in the case of pairs 1 (slices) and 2 (crunchy slices vs. soft sticks). In the first case, 
we also observed an in-mouth preference for crunchy slices over soft slices (p < 0.005). No 
in-mouth preference was observed in the second case (p = 2.239). Soft slices are preferred 
to crunchy sticks (pair 3, p < 0.0001 for both visual and in-mouth preference). No visual 
preference was observed between soft and crunchy sticks of carrots (pair 4, p = 0.405). In-
mouth preference for crunchy carrots over soft ones are observed in the case of pairs 1 and 
4 (pair 4: p < 0.057) Furthermore, the slices seemed to be visually and in-mouth preferred to 
sticks: in pairs 2 (crunchy slices vs. soft sticks ) and 6 (soft slices vs. soft sticks), visual 
preference was significant but not in mouth preference; in pair 5, visual and in-mouth 




Table 5. Preference scores for each pair of carrot samples 
    ?? n 
Visual 
preference




Pair 1 Crunchy slices ?? 79 64 <0,0001 ?? 80 51 0,005 
  Soft slices ??   15   ??   29   
Pair 2 Crunchy slices ?? 130 96 <0,0001 ?? 127 67 0,239 
  Soft sticks ??   34   ??   60   
Pair 3 Soft slices ?? 63 44 <0,0001 ?? 63 43 <0,0001
  Crunchy sticks ??   19   ??   20   
Pair 4 Soft sticks ?? 66 32 0,356 ?? 68 28 0,057 
  Crunchy sticks ??   34   ??   40   
Pair 5 Crunchy slices ?? 90 59 0,001 ?? 91 62 <0,0001
  Crunchy sticks ??   31   ??   29   
Pair 6 Soft slices ?? 77 48 0,011 ?? 77 41 0,247 
  Soft sticks ??   29   ??   36   
Binomial tests (see Table 6) show that age had an effect on preference data in pair 3: 
children aged 8 and 9 did not have any preference whereas 10-to-11-year-old children had a 
significant preference for soft slices compared to crunchy sticks (p < 0.001). 
Table 6. Effect of age and gender on preference scores for carrot samples 
    Visual preference   In-mouth preference 
Age Pair 1 ns     ns   
  Pair 2 ns     ns   
  Pair 3 ns     8-9yr: ns; 10-11yr: 0.001
  Pair 4 ns     ns   
  Pair 5 ns     ns   
  Pair 6 ns     ns   
Gender Pair 1 ns     ns   
  Pair 2 ns     Boys: 0.024; Girls: ns 
  Pair 3 ns     ns   
  Pair 4 ns     ns   
  Pair 5 Boys: ns; Girls: <0.001 Boys: ns; Girls: <0.001
  Pair 6 Boys: ns; Girls: <0.001 Boys: ns; Girls: <0.001
Gender effects were observed several times (pairs 2, 5 and 6). In the case of pair 2, boys 
had an in-mouth preference for crunchy slices compared to soft sticks (p = 0.024) while girls 
had no preference. In the case of pairs 5 and 6, boys did not have any preference whereas 
girls had a preference for, respectively, crunchy slices over crunchy sticks and for soft sticks 













































































































Figure 2: Mean consumption (± SD). Consumption coding: 1 = nothing was eaten; 2 = a third of 
the portion was eaten; 3 = two thirds of the portion was eaten; 4 = the entire portion was eaten. 
*** = p<0.001. 
Children consumed significantly more crunchy slices than soft slices (pair 1, F = 11.676, p < 
0.001); and more crunchy slices than crunchy sticks (pair 2: F = 27.503, p < 0.001). Carrot 
slices, crunchy or soft, were more consumed by children than carrot sticks (pair 5: F = 
80.936, p < 0.001 ; pair 6: F = 22.430, p < 0.001).  
Age had an effect for all pairs. Post-hoc testing (table 7) showed that for pair 1 (F = 8.842, p
< 0.001), 9year old children consumed significantly less than 8, 10 and 11year old children. 
Results are similar for pair 2 (F = 5.491, p = 0.001). In the case of pair 4 (F = 4.013, p = 
0.011) and pair 5 (F = 4.092, p = 0.009), 8year old children consumed significantly less 
vegetables than the others. Finally in pair 6 (F = 10.741, p < 0.001), consumptions of 8 and 
9year old children were lower than 10 and 11year old children. 
We found twice a gender effect in consumption. In the first case girls consume significantly 
more carrots (pair 2: F = 6.05, p = 0.015) whereas it is boys who consume more in the 




Table 7. Effect of age and gender on carrot consumption 
      Consumption 
      p-value1 Test Newman-Keuls (? = 0.05) 
Age Pair 1   <0,001 9yr (A) < 8yr-10yr-11yr (B) 
  Pair 2   0.001 9yr (A) < 8yr (AB) < 10yr-11yr (B) 
  Pair 3   No data - 
  Pair 4   0.011 8yr (A) < 9yr-10yr (AB) < 11yr (B) 
  Pair 5   0.009 8yr < 9yr-10yr-11yr 
  Pair 6    <0,001 8yr-9yr < 10yr-11yr 
Gender Pair 1   ns - 
  Pair 2   0.015 boys < girls 
  Pair 3   No data - 
  Pair 4   ns - 
  Pair 5   <0,001 girls < boys 
  Pair 6   ns - 
1Analysis of variance (y = product + subject + age (subject) + genre (subject)+ error)
4. Discussion 
The aim of the present study was to evaluate the effects of carrots shape and time of cooking 
on children’s liking, preference and consumption. 
In line with our first hypothesis, results showed that children gave higher liking and 
preference scores for carrots cooked during a shorter time: children like crunchy carrots 
more. However, preference data displayed better discrimination than liking data. 
Consumption data confirmed declarative data collected with the questionnaire. Our study 
corroborates the findings of some previous works (Baxter et al., 1998; Szczesniak, 1972; 
Zeinstra et al., 2010) but does not support the results of Baxter et al. (1999) and Poelman et 
al. (2011). The difference to Poelman et al.’s results may be related to four reasons. First, 
their study has been conducted with different vegetables (cauliflower and beans). In line with 
Szczesniak (1972), who underlined that texture preferences are related with the type of food, 
we can make the assumption that children’s preference for various textures resulting from 
different time of cooking could be specific to the type of vegetables. Thus, it would be 
valuable to reproduce the present study with other vegetables in order to test this hypothesis. 
Second, Poelman et al.’s vegetables samples were boiled whereas ours were steamed. 
Steamed cooking could have increase the sensory characteristics differences between each 
level of time of cooking. Unfortunately we were not able to use a trained sensory panel to 
describe the carrot samples. Third, the two durations of cooking selected in our study were 
considerably different (pre-cooked carrots steamed for 2min or 15min) contrary to Poelman 




beans: 4min and 12min). Children may not be sensitive enough to small differences in 
texture to have detected those inducted by close time of cooking. Fourth, Poelman et al.’s 
participants were younger (5-to-6-year-old) than ours. It is also possible that preference for 
crunchier vegetables appears after the age of 6 years. 
Carrot slices obtain higher liking ratings and were preferred to sticks of carrots by children. 
Moreover, children consumed more carrot slices than carrot sticks. These results confirmed 
our second hypothesis about the preference for a familiar shape and supported again the 
importance of familiarity in children’s food preferences. In fact, slices of carrots are one of the 
most common shapes served at school meaning that children are very familiar with it 
contrary to carrot sticks which are more unfamiliar. Previous research underlined that 
children prefer to choose foods they know (Aldridge et al., 2009; Pelchat & Pliner, 1995), and 
that they give higher liking ratings to familiar foods (Loewen & Pliner, 1999). Poelman and 
Delahunty’s study (2011) on vegetables found an effect of familiarity, of variety in the number 
of vegetables liked and reported liking of the target vegetables on higher acceptance. In a 
review, Cooke (2007) synthesizes by saying that “children like what they know and they eat 
what they like”. Our results underlined again the complexity of the concept of familiarity. Even 
if carrots are a very familiar vegetable in children (Morizet et al., 2011), our findings showed 
that familiarity with the way of cutting was also important. Further research should better 
control the level of familiarity of each individual with each vegetable’s shape in order to better 
understand the link between familiarity and the shape, preference and consumption. 
Interestingly, we observed that the preference for crunchy carrots (shortest time of cooking) 
seems to be modulated by the shape of carrots. In fact, the soft slices of carrots were 
significantly preferred when they were served with crunchy sticks (pair 3: p < 0.001). 
Unfortunately, we do not have consumption data in order to evaluate if this preference also 
modulate consumption. We can hypothesize that sensory modifications induced by the time 
of cooking did not have the same impact on children’s judgment if he/she is familiar or not 
with the presented food.  
Also, it would have been interesting to evaluate usual carrot’s time of cooking in each school 
canteen. Each Chef may usually use different time of cooking in every day school lunch 
meaning that children are more or less familiar with tested time of cooking tested. This could 
potentially explain differences of time of cooking preference results. 
Analyses of age and gender implication in liking and preference’s results did not give a 
wholly coherent picture. Effects are not consistent within each measure and also across both 




predictors of vegetables liking and preference in preadolescent children. However, data 
shows a significant increase of consumption with age.  
It would have been valuable to better characterize individuals in order to improve the 
understanding of inter-individuals differences, in particular in terms of food neophobia. Which 
has been found to be closely related to children’s acceptance or rejection of vegetables 
(Dovey et al., 2008). Further research should develop children’s characterization in order to 
explain inter-individual differences. 
We noticed that our three measurements (liking, preference and consumption) showed the 
same pattern of results. Also, even if liking ratings were consistent, preferences were clear 
and consumption of each sample was significantly different. This finding supports previous 
recommendation of Cooke & Wardle (2005) suggesting that sensory properties’ preference 
should be targeted in interventions aimed at increasing vegetables consumption. 
In conclusion, crunchy carrots slices were more liked and preferred by children than soft 
carrots and/or carrot sticks. However, the preference for crunchy carrots could be modulated 
by the familiarity of children with the shape of carrots. Future research should better control 
children familiarity with vegetables in order to deeply explore the respective contribution of 
both sensory and familiarity factors. 
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Abstract 
The aim of this study was to evaluate if adding a label could increase the probability of choice 
of a new vegetables dish presented in front of a familiar recipe in 8-to-11-years old children. 
This issue was addressed for a very familiar vegetable for French children, which is carrot, 
and a more unfamiliar vegetable, which is broccoli. This experiment was organized in a 
natural lunch setting in three school canteens. In the first condition (school 1), both the familiar 
and the new vegetables dishes were presented without any information whereas in the 
second condition (school 2), the new dish was presented with a basic label (“carrots/broccolis 
new recipe”). And finally, in the third condition (school 3) the new dish was presented with a 
model-related label (“carrots/broccolis new recipe, Special Mix for Super Heroes”). For both 
vegetables, results showed that without label, children choose significantly the familiar dish. 
The addition of the basic label increased the frequency of choice of the new dish while the 
model-related label had the same effect as the basic label. This study suggests that adding a 
label with the name of the vegetable can be used to increase children’s choice of a new 
vegetables dish presented in front of a familiar dish of vegetable. We believe that the 
presence of a label containing an indication of the dish composition reassures the child and 
gives him/her confidence in choosing a novel dish. 





One of the most difficult challenges the parents and caregivers have to face is to 
introduce new food in children’s diet. Children prefer to choose food they know (Cooke, 
2007; Salvy, Vartanian, Coelho, Jarrin, & Pliner, 2008) and consequently, each attempt to 
present a new food to them is often a failure. This is particularly frequent for vegetables 
(Wardle et al., 2003). Nevertheless, introducing new food in children’s diet should be 
considered with great attention for at least two reasons. First, food variety contributes to 
children’s healthiness by better covering nutrients needs (Royo-Bordonada et al., 2003). 
Second, food variety contributes to the pleasure of eating (Nicklaus, 2009). 
The reluctance to try new food has been called food neophobia (Dovey, Staples, 
Gibson, & Halford, 2008). Food neophobia is a natural characteristic described by many 
scientists as a mechanism to avoid consuming potential dangerous substances (Cooke, 
2007). It generally appears in conjunction with the child autonomy around the age of 2, reach 
a pick of intensity between 2 and 6 and then gradually decreases (Cashdan, 1994; Dovey et 
al., 2008). However, many differences of intensity are observed depending on individuals. 
A powerful way to enhance children willingness to choose and to taste a new food is to 
repeatedly expose them to it (Birch & Marlin, 1982; Cooke, 2007). The effects of flavor 
exposure have been broadly described in laboratory, and showed that up to 15 presentations 
are required to increase preadolescent children preferences for new initially disliked food 
(Wardle et al., 2003). In addition, Lakkakula et al. (2010) confirmed that repeated exposure 
was also effective in a natural school canteen for vegetables with fourth- and fifth-grade 
students (i.e. 9-to-11-years old children). 
However, one crucial condition to expose the children to the flavor of a new food is to 
convince them to choose it and then to eat it for the first time. Houston-Price, Butler & Shiba 
(2009) have recently found that a simple two weeks visual exposure to fruit and vegetables 
photographs increases 2years old children willingness to taste the unfamiliar fruit but not 
vegetables. Furthermore, it is not evident that such a visual exposure to unfamiliar food 
photographs is also efficient in older children. Also, in practice, it is rare that parents are 
willing to or are able to present a new dish for such a long time (Birch, McPhee, Shoba, 
Pirok, & Steinberg, 1987); and it is probably also true in school canteens. 
Others strategies have been explored to encourage children to taste and to consume a 
novel food such as social encouragements (Addessi, Galloway, Visalberghi, & Birch, 2005), 
pressure, rewards (for a review, see Cooke, Chambers, Añez, & Wardle, 2011), nutritional or 




2010). Also, Pliner & Stallberg-White (2000) showed that adding a familiar flavor enhances 
10-to-12-years old children willingness to eat an unfamiliar food.  
In a recent study, Moore, Tarper & Murphy (2009) have shown that the most common 
primary school meal staff’s strategies were verbal encouragements and praise, and a norm 
such as ‘an entrée must be eaten before a dessert’ was commonly imposed. However, they 
pointed out that even if children left service point with nutritionally balanced meals, they often 
failed to eat them. In consequences, they encouraged investigations for finding new 
strategies to encourage children to taste nutritionally balanced school meals. 
In the context of a school canteen children should choose quickly their starter and their 
main course between all items offered. Also, only few information are generally available 
about the presented food in the buffet line and the service staff do not have much time to 
communicate with children. Considering the fact that children are suspicious about new 
foods because they do not have information about them, presenting new foods with 
information could potentially decrease food neophobia and consequently increase children’s 
willingness to try new foods. This label could also modulate food liking and consumption. So 
far, however, these questions received little investigation. 
Pelchat & Pliner (1995) have found both in laboratory and school cafeteria settings, 
that information can be used to increase probability that children and teenagers will sample 
novel foods. They figured out that taste information is an effective type of information to use 
and nutritional information had no or a small effect to subject’s willingness to choose the 
product. The authors explained that this result was not surprising because beneficial or 
medicinal substances are often thought to have bad tasting. Furthermore, a recent research 
conducted by Wansink, Just & Smith (2011) measured sales in two distribution points 
offering exactly the same menu in two elementary schools in New York City. In the first point, 
products were named “carrots” and “broccoli”, and in the second point “broccoli bites” and 
“tender steamed carrots”. After two months sales tracking, sales increased by more than 
20% in the second distribution point. 
Labeling effects on liking have been studied in laboratory by Grabenhorst, Rolls & 
Bilderbeck (2008). They have demonstrated that the pleasantness of a taste or a flavor 
stimulus can be altered by its label. In their study, subjects gave higher liking scores for the 
stimuli with descriptive favorable labels than the ones with the compounds’ name labels. 
Furthermore, they also observed with fMRI that this “cognitive stimulation also modulates 




down in the first cortical areas in which the pleasantness are made explicit in the 
representations”. Thus, word-level cognitive factors could have a crucial influence on the 
selection and consumption of foods. The existence of a liking modulation has been also 
found recently in children by Pope & Wolf (2011). They investigate if the inclusion of the 
name of the vegetables in a snack’s label could influence children’s taste preference. Results 
indicate that there was no difference of liking for “zucchini chocolate chip bread” and 
“broccoli gingerbread spice cake” but the “chickpea chocolate chip cookies” was preferred 
unlabeled. A potential explanation of the authors was that children were more familiar to 
zucchini and broccoli than chickpea. Another study conducted by Wansink, Ittersum & 
Painter (2005) in a cafeteria setting showed that of descriptive favorable food labels 
generated a larger number of positive comments and also higher liking rates in adults. These 
authors conclude that descriptive labels could help to improve perceptions of foods in 
institutional settings and help the introduction of unfamiliar foods. 
The aim of this study was to evaluate if a label could increase the probability of choice 
of a new vegetables dish in 8- to -11years old children. Two labels have been selected, a 
basic label (“carrot/broccoli new recipe”) and a model-related (“carrot/broccoli new recipe, 
Super Mix For Super Heroes”). This issue was addressed in a specific condition, when a 
choice between a familiar versus a new dish of either carrots or broccoli is offered to 
children.  
A previous study showed that a 16-days visual exposure to peer-heroics could increase 
fruit and vegetables consumption in children (Horne et al., 2004). In consequences, we were 
predicting that the presence of a model-related label would increase the frequency of choice 
of the new vegetable dishes in both conditions. Furthermore, children are more familiar to 
carrots than broccoli (Morizet, Depezay, Masse, Combris, & Giboreau, 2011). That is why, 
we hypothesized that French children would be more neophobic with broccoli, and the effects 
of the label would be higher for the new carrots dish. 
Methods 
This experiment was organized in a natural lunch setting in three school canteens of the 
Rhône-Alpes region, France. 
Participants 
Participants were children aged 8 to 11 often going to the school canteens. Their 
parents were informed about the study by the head of each school who also managed to 
collect their authorizations. None of the parents refused that his/her child participates to the 




and the number of participants was different for the carrots test and the broccoli test, 
respectively: 60 and 90 children in school 1, 72 and 41 in school 2 and 44 and 65 in school 3. 
Product samples 
The stimuli were one pair of carrot dishes and one pair of broccolis dishes. Each pair 
enclosed a familiar dish and an unfamiliar dish. The familiar dishes were natural carrot slices 
and natural broccoli florets (steamed, salted and without fat). The new dishes were the same 
vegetable samples coated with a mix of cream and a carrots purée (for carrots) or broccoli 
purée (for broccoli). A pre-test has been organized in order to evaluate the newness of each 
recipe in children. A sample of 33 participants evaluated each dish on a 5-point newness 
scale (from not new at all to very new). Results indicated a significant difference between the 
familiar and the new dishes of carrots (familiar = 1.51, new = 3.61; t-test = 22.512, p < 
0.0001) and of broccolis (familiar = 2.12, new = 3.09; t-test = 17.555, p < 0.0001). 
Procedure 
Observations were made at lunchtime. As children entered the school canteen they 
were going to the line to fill out their tray with a starter, a dairy product and a dessert. At the 
end of the line, the Chef offered them a hot main course (either meat or fish) and both the 
familiar or and the unfamiliar dish of vegetables which were presented in a Gastronorm tray 
placed in a water bath (70±5°C) (figure 1).  
The Chef was asking them: “Which side dish would you like?”. He/she was not 
authorized to give any additional information about the product to children (e.g. name of the 













In the first condition (school 1), both dishes were presented without any information whereas 
in the second condition (school 2) the new dish was presented with a basic label 
(“carrots/broccoli new recipe”). And finally, in the third condition (school 3) the new dish was 
presented with a model-related label (“carrots/broccoli new recipe. Special Mix for Super 
Heroes”). Labels were written on a white paper easel (7cm X 20cm, font: Calibri size 44) 
positioned in front of the Gastronorm tray. The Gastronorm tray was switched in the line 
approximatively in the middle of the service in order to avoid a possible order effect. Children 
choices were collected with a small video camera (SuvCam® II) set at the ceiling which was 
invisible for children. Consequently, no experimenter was in the school canteen during the 
lunch and the naturality of the environment was totally preserved. 
As vegetables were tested in each of the three schools canteens, the product samples’ 
presentation was randomized. Table 1 shows the presentation plan and the label tested. This 
experiment was designed to measure the potential effect of both types of label (basic and 
model-related), and for both vegetables (carrots and broccoli). 
Table 1. Experimentation design 
 Day 1 Day 2 
School 1 
Carrot test (n = 60) 
No label 
Broccoli test (n = 90) 
Model-related label 
School 2 
Broccoli test (n = 72) 
Basic label 
Carrot test (n = 41) 
Model-related label 
School 3 
Carrot test (n = 44) 
Basic label 
Broccoli test (n = 65) 
No label 
Basic label: New carrots/broccoli recipe
Model-related label: New carrots/broccoli recipe - Special Mix for Super Heroes
Data treatment 
Data was analyzed with a binomial test conducted for each condition and each 
vegetable in order to evaluate the choice differences between the familiar and the unfamiliar 
recipes. Then Chi-squares contrasting one condition to another one were carried out for each 
vegetable in order to evaluate modification of choice in the three conditions. Analyses were 
performed using XL-Stat® (Addinsoft). 
Results 
Figure 1 shows that in the no label condition, children significantly preferred the familiar 
dish (p < 0.0001). Also, we observed that in the basic and model-related condition there was 
no difference of choice between the familiar and the new carrot dishes (respectively p = 
0.674 and p = 0.734). Chi-square tests confirmed a significant difference between the no 




related label condition (?2 = 9.308, p = 0.002). A clear benefit of the labels tested on children 
willingness to choose the new recipe of carrots is confirmed. Contrary to our hypothesis, no 
significant difference has been observed between the two label conditions (?2 = 0.299, p = 
0.585). The addition of reference to heroes did not increased children’s willingness to choose 







































Figure 2: Choice frequency of familiar and unfamiliar carrots’ recipes with or without label. 
Basic label = Carrots new recipe, Elaborate label = Carrots new recipe – Special Mix for 
Super Heroes. *** = significant 1 ‰?
Figure 2 shows that in the no label condition, results for broccoli’s samples are 
relatively the same as for carrots: children choose significantly more the familiar dish (p = 
0.001). Also, no difference of choice has been found in the basic label (p = 0.795) and the 
model-related label conditions (p = 0.770). These results confirm that both label, even for 
broccoli, had a positive effect on children willingness to choose the new recipe. Analyses 
revealed that the differences of choice according to each condition were weaker than for 
carrots. Comparing with the no label condition, there is only a tendency to differ with the 
basic label conditions (?2 = 3.067, p = 0.080), and with the model-related condition (?2 = 
3.754, p = 0.053). Chi-square between the two label conditions found no difference (?2 = 










































Figure 3: Choice frequency of familiar and unfamiliar broccoli’s recipes with or without label. 
Basic label = Broccoli new recipe, Elaborate label = Broccoli new recipe – Special Mix for 
Super Heroes. *** = significant 1 ‰
Discussion 
The aim of this paper was to examine the effects of a basic label and a model-related 
label on children’s willingness to choose and to eat new dishes of carrots and broccoli. We 
investigated these potential effects when children were offering a familiar alternative.  
We have found that without any label, children choose significantly more the familiar 
dish for both carrots and broccoli. This result corroborates previous studies showing that 
familiar foods are preferred in children (Aldridge, Dovey, & Halford, 2009; Cooke, 2007). We 
have also found that the addition of the labels (basic and model-related) has significantly 
increased the frequency of choice of the new recipe of carrots and also of broccoli. However, 
results were not different in the basic and the model-related label conditions.  
A possible explanation of the effects of the basic label is that when children were 
reading it they were reassured by the fact that they were familiar with the vegetable in the 
new dish. Consequently, children’s neophobia could have decreased and much more of 
them choose it. As we were expected, the effects of the basic label were weaker for broccoli 
than for carrots. This result could be explained by the fact that broccoli is less familiar and 
less appreciated than carrots in French children (Morizet et al., 2011). Another possible 
explanation is that appearance of the new carrot dish was more attractive for children than 
the new broccoli dish. 
Contrary to our hypothesis, the effect of the model-related label was weak. We 
observed a slight non significant increase of the number of children choosing the new recipe 
for carrots but not for broccoli. A possible interpretation of this result is also linked to 
children’s familiarity with these particular vegetables. Therefore, it is possible that only few 




sensibility to the label could change with age and also gender. However, our experimental 
design does not allowed us to explore these potential effects. Contrary to previous study 
(Horne et al., 2004), which showed positive effects of heroic peers modeling on children’s 
consumption of fruit and vegetables, in this case the reference to “Super Heroes” did not 
have additional effect than just telling children that it was a new recipe of either carrots or 
broccoli. However, in Horne et al.’s study (2004), children were watching a peer-heroics 
movie for several days. It is therefore possible that modeling effects appears only when 
children see the heroics peers and not only referring to them like in our study. Also, contrary 
to our study, Horne et al. (2004) did not focused on new fruit and vegetables.  
In conclusion, this paper suggests that adding a label referring to the nature of the dish 
can be used to increase children’s willingness to choose a new vegetables dish presented in 
front of familiar recipe of vegetable, the label reassuring the children on the content of the 
dish. Furthermore, the adjunction of a model-related reference to the basic label does not 
enhance children’s willingness to eat the new dish. These results could have implications in 
school canteen food policy. Further research should complete the preliminary results. Also, 
children’s preferences concerning the kind of semantic reference used in the food label will 
be investigated in a future study. 
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Carottes râpées crues 
4G, sac de 2kg 
100g 
Huile d’olive 7.9g 
Vinaigre de vin 2.1g 
Sel 0.2g 
?
Protocole de réalisation 
1 Déconditionner les carottes râpées dans un cul de poule 
2 Mélanger les brocolis avec le sel puis le vinaigre et l’huile d’olive 
3 Servir 60g de carottes râpées par ramequin individuelle (Ø10cm, blanc, porcelaine) 
7 Vérifier l’uniformité de l’apparence des ramequins  
8 Conserver les ramequins en chambre froide à +3C 





Brocolis crus surgelés 
Bonduelle, sac de 2,5kg 
100g 
Huile d’olive 10g 
Sel 0.2g 
Protocole de réalisation 
1 Déconditionner les brocolis dans une plaque Gastronormée perforée 
2 Cuire les brocolis au four vapeur (100°C) durant 8min 
3 Réserver 45min au réfrigérateur à +3°C 
4 Placer les brocolis dans un cul de poule  
5 Mélanger les brocolis avec le sel puis l’huile d’olive 
6 
Servir 60g de salade de fleurettes de brocolis par ramequin individuelle (Ø10cm, 
blanc, porcelaine) 
7 Vérifier l’uniformité de l’apparence des salades dans les ramequins  
8 Conserver les ramequins en chambre froide à +3C 
9 Placer les ramequins sur la ligne de self 15min avant le début du service 
?
?
?
